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NUTRITIONAL FACTORS ASSOCIATED WITH ACNE VULGARIS  
ELAURA PATTON  
ABSTRACT 
Acne Vulgaris is a common dermatological condition defined as a chronic 
inflammatory dermatosis of the pilosebaceous unit that affects more than 17 million 
Americans.1 Although it is not considered a dangerous condition, it may drastically 
impair quality of life and leave a substantial psychological impact.2 Acne’s multifactorial 
pathogenesis is typically categorized into four aspects: increased sebum production, 
altered keratinization, inflammation, and bacterial colonization.3 Dietary factors 
contribution to the pathogenesis of acne has remained controversial throughout the 
literature. However, currently there exists a greater understanding between how diet may 
influence endocrine factors contributing to acne pathogenesis.4 Additionally, recent 
published evidence and public paradigm shifts highlighting the relationship between diet 
and health have caused a resurgence of this topic, particularly among patients seeking a 
more gentle, alternate solution to current treatments.  
Some of the most promising recent correlating evidence supports an association 
between acne prevalence and dairy consumption, particularly skim milk consumption.5 It 
is hypothesized that milk consumption affects the presence of both reproductive, non-
reproductive hormones, and growth factors in our body, which may contribute to 
increased acne prevalence.6 However, there has been a lack of randomized controlled 
trials to determine the cause and effects nature of this relationship, as all previous studies 
are observational.1 Therefore, this study will conduct a randomized controlled trial to 
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determine the significance between dietary non-fermented dairy consumption and acne 
prevalence in adolescents. We hypothesize the adaptation of a diet of decreased dairy 
consumption will decrease the prevalence or severity of acne vulgaris in adolescents 
between the ages of 13-18. It is our hope that the conclusion of this study will advance 
our understanding of the dietary correlation between dairy and acne vulgaris in order to 
provide further insight to guide medical practitioners’ ability to help treat this distressing 
condition.  
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INTRODUCTION 
Background 
Acne Vulgaris is a common dermatological condition affecting more than 17 million 
Americans, primarily adolescents and young adults.1 As the most prevalent skin 
condition, acne affects a projected 85% of the population between the ages of 11 to 30 
years of age,7 with approximately 20% suffering from moderate-to-severe acne.8 
Although acne is not a life threatening condition, it has a substantial psychological 
impact, leaving both physical and emotional scars on those who suffer.  
 Acne Vulgaris is defined as a chronic inflammatory dermatosis of the 
pilosebaceous unit 9 with a multifactorial pathogenesis of increased sebum production, 
altered keratinization, inflammation, and bacterial colonization of the hair follicles by 
Propionibacterium acnes.3  
Despite the condition’s prevalence, the exact trigger of acne and how various 
treatments alter the disease course are not well understood.3 Current standard of care 
treatment methodologies for mild to severe acne are widely ranged and have substantial 
limitations, side effects, or risks. Therefore, despite acne’s ubiquitous presence, medical 
professionals current ammunition to treat this widespread condition is sub-par. 
Unfortunately, clarifying research and well designed clinical trials deducing the exact 
pathogenesis and proper treatment for acne are still relatively limited. 
 Dietary modifications as a means of treatment for dermatologic conditions are a 
common inquiry.10 Recently, public awareness has enhanced the spotlight on the cause 
and effect relationship between diet and health. Patients are again wondering if perhaps 
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changing their diet may help alleviate the effects of acne. This causative and therapeutic 
role of diet and acne has been a routine topic of dermatologic debate for over a century. 
Originally, between the 1930s through 1960s dermatologists discouraged patients from 
eating certain foods such as chocolate, fats, and sweets.11 These recommendations were 
later “disproved,” igniting a waxing and waning pattern of the dietary-acne relationship, 
continuing to oscillate in and out of favor. 
  
Statement of the Problem 
The causative and therapeutic relationship between diet and acne has become of 
increasing interest in today’s community. This public paradigm shift and new thought-
providing studies are causing dermatologists to revisit the diet-acne relationship. To date, 
there is limited conclusive evidence to direct the recommendations of medical 
practitioners to help guide the treatment of patients in this regard. The total quantity of 
studies performed over the past forty years is underwhelming, and the majority are 
prospective controlled trials, prospective and retrospective cohort studies, large case 
series, and literature reviews. Furthermore, many have been heavily critiqued due to their 
study design or multiple limitations: inadequate sample sizes, absence of a control group, 
absence of a control group, or only utilizing observational data, etc. For example, at this 
point in time, no randomized controlled trials have been performed to examine acne’s 
association to increased dairy or milk consumption.1 While the evidence between high 
glycemic load diets, dairy intake, and acne is more promising, the evidence is still heavily 
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disputed. Consequently, the research of this recently revisited topic is still in need of 
significant clarification.  
There is an undisputed need for randomized controlled trials to help tease out the 
evidence between the diet-acne relationship. Therefore, this study’s purpose is to design a 
randomized controlled trial that will address the question if non-fermented dairy 
consumption contributes to the development of acne vulgaris. By designing this 
investigation with a proper power, limited confounding factors, and a thorough statistical 
analysis, hopefully light will be shed on the evidence of medical nutrition therapy’s 
ability to help treat this condition. 
 
Hypothesis 
The cessation of non-fermented dairy consumption will decrease the presence or severity 
of acne vulgaris in adolescents between the ages of 13-18. 
 
Objectives and specific aims 
Acne vulgaris is a prominent dermatological disease affecting 80 to 90% of adolescents.12 
Current research determining the association between dietary modification and acne 
severity is relatively inconclusive. Although several studies investigating the relationship 
between acne severity and dairy products, carbohydrates, glycemic index, and high 
glycemic load exist, data supporting these relationships is inconsistent.13 This lack of 
clarity is primarily due to the lack of randomized clinical trials with adequate power and 
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applicability. This study proposal would like to provide a more conclusive, well-designed 
trial to help tease out the evidence from the convoluted data.  
Therefore, the aim of this paper is to examine the relationship between the 
prevalence of acne vulgaris and a diet high in dairy intake.  
Specific Aims: 
• To evaluate the difference in Global Acne Rating Scale scores between a dairy 
cessation group and a regular diary consumption control group after 12 weeks. 
• To measure participants’ self-image satisfaction related to acne. 
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REVIEW OF THE LITERATURE 
 
Overview 
Acne is an incredibly prevalent dermatologic disease, affecting approximately 80% of 
individuals. Acne generally affects men and women equally with the age of onset 
between 10 to 14.14 This onset typically correlates with puberty, causing increased facial 
sebum production and comedones closely followed by inflammatory lesions.15 However, 
there appears to be an increasing incidence in patients between the ages of eight to ten: 
hypothesized to be related to decreasing age-of-onset of puberty in the United States.16 
While the prevalence of acne is difficult to estimate, due to varying definitions and lack 
of a universal severity scale, it is projected that moderate to severe acne affects 15-20% 
of young people.8 Furthermore, in Western populations acne is estimated to extend up to 
40-54% of individuals above 25 years old, with 12% of women and 3% of men persisting 
into middle age.17 
 Acne Vulgaris is defined as a chronic inflammatory dermatosis of the 
pilosebaceous unit consisting of open and/or closed comedones and inflammatory 
lesions: papules, pustules, or nodules.9 It is considered a disease of the pilosebaceous 
gland, and typically occurs during endogenous hormonal stimulation or alteration of prior 
gland function, resulting in bacterial overgrowth and inflammation.18 This causes the 
corporal distribution of the disease to most prominently affect areas of high 
pilosebaceous gland density: the face, neck, chest and back.18 There are four main factors 
that contribute to the pathogenesis of acne: sebaceous gland hyperplasia causing 
increased sebum production, altered epithelial differentiation of the pilosebaceous unit, P. 
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acnes, and inflammation. Sebum is a secretion from sebaceous glands that provides a 
lipid-rich growth medium for P.acnes.19 Increased sebum secretion is stimulated by 
increased levels of circulating and cutaneously derived androgens at pubertal onset.18 
Following increased androgen exposure, the initial morphological step occurs called 
comedogenesis. The sebaceous gland follicular epithelial cells undergo abnormal 
differentiation patterns forming intracellular adhesions. This causes epithelial cells to 
shed less rapidly, developing hyperkeratotic plugs known as microcomedones within the 
follicular canal.19 These microcomedones progressively enlarge forming non-
inflammatory comedones.  
 The remaining two factors of acne pathogenesis are P.acnes and inflammation. 
P.acnes is an anaerobic, gram-positive, lipase-secreting bacterium that occurs within the 
post-pubertal body flora, and particularly flourishes within the androgen-stimulated 
pilosebaceous gland.19 Although the exact role is complex, the proliferation of this 
bacterium is thought to be primarily responsible for the inflammation component of acne. 
Primarily, P.acnes hydrolyzes sebum triglycerides creating pro-inflammatory free fatty 
acids with comedogenic properties. Additionally, P. acnes releases proinflammatory 
cytokines and chemotactic factors causing activation of toll-like receptors on 
inflammatory cells inducing release of hydrolytic enzymes.20 This process results in the 
destruction of the follicular wall, extending the inflammatory process into the 
surrounding dermis causing the inflammatory lesions of acne: papules, pustules, and 
nodules.19  
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To date, verified predictors of severe acne include premature onset of comedones 
and increased prevalence within direct relatives.15 The genetic association of acne 
vulgaris is estimated at 80% in first-degree relatives.8 Although exact mechanisms or 
gene involvement have been confirmed for a hereditary association, it is likely that 
several genes contribute: the gene for cytochrome P-450-1A1 and steroid 21-hydroylase. 
Both genes influence adrenal gland androgen production.14 Although acne is the most 
commonly diagnosed skin condition among non-Caucasian patients, including 
Black/African American, Hispanic/Latina, and Asian populations, limited research exists 
correlating a predominance or racial association with acne vulgaris.21  
 The clinical features of acne include seborrhea, non-inflammatory lesions, and 
inflammatory lesions. Seborrhea is defined as excess oil production from the 
pilosebaceous gland. Non-inflammatory lesions consist of both open and closed 
comedones, colloquially blackheads and whiteheads, respectively. Open comedones are 
flat or slightly raised 1-5mm lesions with an opening, while closed comedones are 
occluded follicles that appear as firm, pale, elevated lesions that are 1-2 mm in 
diameter.22 Inflammatory lesions include pustules, papules, and nodules.3 Pustules are 
elevated, pus-containing lesions that occur if a closed comedone ruptures, expelling its 
contents—desquamated cells and sebum—into the skin’s upper layers. If the expelled 
contents penetrate deeper into the dermis papules, elevated solid lesions, typically occur. 
In the most severe cases, deeper abscesses may occur to form acne nodules.22  
Acne vulgaris may also be associated with various degrees of scarring. In fact, 
facial scarring effects up to 20% of teenagers.3 Although the exact pathogenesis of 
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scarring acne is unknown, evidence supports there is an increased propensity for scarring 
and hyperpigmentation among Hispanic and African American patient populations.18 
Additionally, twin studies have also suggested that genetic predisposition may increase 
risk for more severe, scaring acne.23 The severity of scarring typically is associated with 
the prolongation of time between onset and seeking treatment.24   
 Acne is also routinely described as a response to multiple “trigger factors” as 
well. For example, acne venenata (contact acne/acne cosmetica) described as acne 
induced by comedogenic exogenous factors such as isopropyl myristate, cocoa butter, 
lanolin, butyl state, steryl alchol, and oleic acid may occur in atypical locations or age 
groups. Additionally, greasy or oily skin care products, clothing, or sweat may occlude 
the skin causing pomade acne.14 Chloracne is a category of acne caused by halogenated 
aromatic compounds, such as dioxin, that may cause formation of severe refractory acne 
with abscess formation. Additionally, acne mechanica may be the result of physical 
irritation such as chafing or friction.14 
Due to the complexity of acne—including various lesion types, size, inflammation 
severity, location, and interpersonal variation for both the lesions themselves and healing 
processes or treatment—classification remains challenging for both clinicians and 
investigators.22 Consequently, there is currently no universally accepted or standardized 
method of acne classification. Multiple modalities for evaluating the data of various 
studies have been utilized. The methods range from an original 4-level grading system 
evaluating lesion number, type, lesion predominance, and degree of involvement25 to 
photographed lesion counts as demonstrated in Table 1.  
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Table 1. Various Grading Systems for the Evaluation and Assessment of Acne 
Severity. Information adapted from original text of Shambam et al.22 
Reference Date Description 
James and Tisserand26 1958 Clinical identification of 4 lesions; 4 severity grades; 
no lesion counts 
Burton et al27 1971 Severity graded on scale of 0 (no lesions) to 5 
(widespread inflammatory lesions with numerous 
large cysts and pustules) 
Plewig and Kligman 1975 Comedonal acne: severity grades 1-4 for number of 
comedones on one side of face; papulopustular acne: 
severity grades 1-4 based on number of 
inflammatory lesions on one side of face 
Christiansen et al28 1976 Counted each type and total lesions; area with most 
lesions as “test area”: based response to treatment on 
reduction (%) of lesions in test area 
Michaelson et al29 1977 Assigned severity index to skin lesion (comedones 
0.5, papules 1.0, pustules 2.0, infiltrates 3.0, cysts 
4.0); lesion counts, multiply severity index by lesion 
count for each lesion type; sum of products 
represented overall severity 
Cook et al30 1979 Overall numerical grade based on 5-point reference 
scale and 5 reference photographs of patients 
Burke and Cunliffe31 1984 Introduced Leeds Technique of grading lesions (0-
10) of face, chest, back and comparing results with 
reference photographs; used lesion counts, 
distinguished active from less active lesions on both 
sides of face 
Lucky et al32 1994 Counted lesions, recorded counts on facial template 
Doshi et al33 1997 Global Acne Grading System based on 6 anatomic 
areas, each assigned a numerical value based on its 
size; lesion types assigned numerical value based on 
severity; score for each area is product of area factor 
and factor of most severe lesion; total score is sum 
of products in each area; total score 1-18 = mild 
acne, 19-30 = moderate; 31-38 = severe, >39 = very 
severe 
Rizova and Kligman34 2001 Assessed acne with photographs obtained with 
parallel and cross-polarized light, video microscope, 
and sebum production measurements 
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The system most commonly seen throughout research is the Global Acne Grading 
System (GAGS)33. Developed by Doshi et al33 for the clinical evaluation of acne severity, 
the system takes lesion counts of both inflammatory and non-inflammatory acne lesions 
into consideration. Therefore, the clinician can incorporate both severity and acne type 
into one evaluation.33 GAGS divides the areas of high acne prevalence (face, chest, and 
back) into six areas: forehead, each cheek, nose, chin, chest, and back. Each area is 
assigned a factor on the basis of surface area and density of pilosebaceous glands.35 
Additionally, each type of acne lesion is assigned a grade dependant on its severity: no 
lesions = 0, comedones = 1, papules = 2, pustules = 3, and nodules = 4.35 A score for each 
of the six areas is then calculated using the following formula, Local score = area factor x 
severity grade. The six local scores are then summed to determine the global score, which 
can be stratified into four categories: 1-18 is mild acne; 19-30, moderate acne; 31-38 for 
severe acne; and >39 is scored as very severe acne.35 Therefore, this system provides 
quantitative data for determining acne severity.  
Although the investigators have employed many methods attempting to classify 
acne, as demonstrated, these methods still have their limitations. For example, the 1 to 4 
severity grading scale is subjective and does not encompass the multifactorial 
presentation of acne. While other classification systems require special training for 
evaluators or tailor their assessment to either the clinical or research realm; therefore, 
they are difficult to utilize universally.  
 Regardless of severity, it is undisputed that acne has a significant psychological 
impact on those it affects. The emotional, social, and psychological effects are stated to 
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equal patients with asthma, arthritis, epilepsy, and diabetes diagnoses suggesting it 
strongly impacts quality of life.1 Particularly susceptible to these psychological effects 
are the adolescent age range that is so heavily affected. Whereas acne is a disease of the 
skin, it can penetrate much deeper: negatively affect mood, self-esteem, and interpersonal 
relationship during this very impressionable age. Furthermore, there is evidence to 
support that this impact may even lead to the development of anxiety, depression, and 
suicidal ideation.36 These negative effects on mood may also be compounded with 
external influences as well, such as bullying at school. Long-term effects must also be 
considered when evaluating the psychological impact. For example, if a patient were to 
develop permanent scarring due to acne lesions the psychological burden may have an 
additionally onerous lasting impact. Therefore, treatment of this condition is relied upon 
to reduce the heavy emotional impact.  
 There are multiple treatment modalities available to the clinician for the treatment 
of acne. Available treatments include numerous over-the-counter and prescription topical 
and systemic treatments allowing for many flexible, combination treatment regimens. 
Individual treatment classes have been shown to target the four different aspects of acne 
pathology with various strengths as demonstrated in Table 2.  
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Table 2. Target Strengths of Acne Treatments. +++ = very strong effect, ++ = strong 
effect. + = moderate effect. (+) = indirect/weak effect. - = no effect. Information taken 
from original text by Williams et al3 
 Sebum 
Excretion 
Keratinization Follicular       
P. acnes 
Inflammation 
Benzoyl Peroxide - (+) +++ (+) 
Retinoids - ++ (+) + 
Clindamycin - (+) ++ - 
Antiandrogens ++ + - - 
Azelaic Acid - ++ ++ + 
Tetracyclines - - ++ + 
Erythromycin - - ++ - 
Isotretinoin +++ ++ (++) ++ 
 
Unfortunately, despite a vast amount of evidence regarding this topic, direct 
clarification of the majority of treatments’ impact on the disease or direct mechanism 
remains unclear. Furthermore, due to the polymorphic nature of acne, multiple algorithms 
exist on how to properly treat the condition. It is also important to monitor each case and 
response to treatment individually, as different methods prove efficacious in some 
patients more than others. Additionally, it is important to individually assess the patient 
for side effects, as those associated with the available treatments are numerous. For 
example, topical agents often have varying affectivity and are not well tolerated due to 
skin sensitivity.9 Additionally, many treatments have a less-benign side effect profile 
including major skin reactions, increased risk of infection, teratogenicity, or increased 
risk of mood disorders and suicidal ideation.  
Mild acne primarily consists of open and closed comedones with minimal 
inflammatory lesions.3 For the treatment of this stage of the disease, topical agents used 
alone or in combination are considered effective treatment. However, recent data 
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suggests that combination therapy should be first-line to utilize the various strengths of 
different drug classes.37 While topical agents prove a valuable treatment method, they are 
designed to deter new lesion production; therefore, they must be applied to the entire 
affection region in order to be efficacious.3 Furthermore, development of antibiotic 
resistance by P. acnes can limit treatment options.9 Topical treatments generally consist 
of three main groups: topical retinoids, benzoyl peroxide, and topical antibiotics.  
Topical retinoids, alone or in combination, are now recommended as first line 
therapy for mild to moderate inflammatory and most comedonal acne cases.37 The 
mechanism inhibits the formation of microcomedones by promoting normal 
desquamation of follicular epithelial cells, which in response reduces both mature 
comedones and inflammatory lesions. Additionally, it is suggested that topical retinoids 
may alter the penetrance of other topical treatments.37 Formulations currently available in 
the United States include tretinoin, adapalene, and tazarotene. While all function in the 
same mechanism; they vary in anti-inflammatory effects and tolerability.37 Original 
formulations of topical retinoids were associated with significant skin irritability: 
erythema, desquamation, burning, pruritus, etc.37 However, recent formulations have 
proven to be less irritating by adopting minor constituent changes to the products. 
Additionally, topical retinoids have been deemed an essential component to acne 
maintenance therapy by continually reducing the number of microcomedone and 
comedone lesions during use.38  
Benzoyl peroxide is a powerful antimicrobial agent that destroys both bacteria 
and yeasts and is another safe and effective topical treatment option for acne.3 It proves 
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more bacteriostatic and more rapid paced when compared to topical antibiotics; and 
therefore, significantly improves inflammatory acne.38 It comes available in a multitude 
of formulations and concentrations to help increase compliance among adolescents. 
Furthermore, there is no evidence associating benzoyl peroxide with bacterial 
resistance.37 Although proven effective alone, most treatment guidelines suggest using 
benzoyl peroxide in combinations with an either a topical retinoid or topical antibiotic 
such as erythromycin or clindamycin. It is suggested this combination improves both 
efficacy and tolerance then either agent alone.37 The limiting factor for benzoyl peroxide 
appears to be dose-dependent cutaneous irritation including dryness, erythema, scaling, 
and itching. Additionally, benzoyl peroxide may bleach hair, clothes, or linens.37 
However, initial irritation generally subsides and patients should be counseled on proper 
utilization of this method including expectation of initial irritation, but to discontinue 
treatment if severe irritation persists.3 
The next topical method of treatment is topical antibiotics. Although generally 
efficacious, it is not recommended to use antibiotics as monotherapy for the treatment of 
acne, due to the increasing prevalence of antibiotic resistance. Additionally, topical 
antibiotics are slower acting than their systemic counterparts, increasing the risk of 
resistance development. Using a topical antibiotic in combination with either a topical 
retinoid or benzoyl peroxide proves more efficacious for the treatment of comedonal acne 
and inflammatory acne lesions, respectively.37 Furthermore, co-treatment will decrease 
the likelihood of antibiotic resistance. Although the mechanism is not clearly defined, 
topical antibiotics are believed to act directly on P. acnes and decrease inflammation.3 
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Preferred topical agents include clindamycin and erythromycin. Side effects are similar to 
other topical methods; however, there is a small but serious risk of pseudomembranous 
colitis following treatment with topical clindamycin.37 
Systemic antibiotics are reserved for more moderate to severe inflammatory acne 
including acne that is refractory to topical treatment, prominent over other widespread 
areas of the body, or patients with a high likelihood of scarring.3 The mechanism of 
antibiotics includes P. acnes reduction along with decreasing the inflammatory process 
through inhibiting neutrophil chemotaxis, cytokine production, and macrophage 
functions.39 Like topical antibiotics, they should also not be used as monotherapy due to 
increasing antibiotic resistance. Preferred systemic antibiotics include tetracycline and 
their derivatives, macrolides, co-trimoazole, and trimethoprim.37 However, there has been 
limited evidence suggesting one antibiotic form is superior to another. Therefore, 
selection should be based primarily on patient’s preference, side effects, and cost.3 Use of 
cephalosporins, fluoroquinolones, aminoglycosides, chloramphenicol, sulfonamides, and 
gyrase inhibitors are not recommended due to side effect profiles including arthropathy, 
rapid selectivity and resistance, limited effects, or pseudomembranous colitis.37 Patients’ 
response to oral antibiotic courses should be assessed at 6-8 weeks. If no improvement is 
noted, it is recommended therapy be halted, as no evidence suggests increasing frequency 
or dose will ignite a response.3 Additionally, antibiotic resistance is becoming an 
increasing issue in the medical community, placing pressure on physicians to limit 
utilization of this treatment method. 
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Oral contraceptives are another treatment option available for females. Combined 
oral contraceptives contain both ethinyl estradiol—an estrogen—and a progesterone.3 
While progesterone-only contraceptives generally worsen acne, ethinyl estradiol 
decreases sebaceous gland activity and both ovarian and adrenal androgen production.3 
Hormonal therapy is indicated for combination therapy in women with moderate to 
severe acne. Other indications include seborrhea, hirsutism, alopecia, and late-onset 
acne.37 However, there is varying efficacies amongst different preparations of combined 
oral contraceptives. This form of hormonal therapy is also particularly helpful in treating 
female patients with clinically significant hyperandrogenism.37 However, side effects 
include hypercoagulability and hypertension and patients must regularly follow up with a 
gynecologist for breast examinations and pap smears.  
Antiandrogens, such as cyproterone acetate and spironolactone, are also utilized 
for acne treatment, which also decrease sebaceous follicle activation. Cyproterone acetate 
(CPA) is not available in the United States, but is an androgen receptor blocker that is 
paired with ethinyl estradiol in an oral contraceptive that is commonly used for acne 
treatment in Europe.37 Although effective it has a long list of side effects including 
menstrual abnormalities, nausea, vomiting, edema, headaches, and melasma. Rarely, it 
may also be associated with liver dysfunction and clotting disorders.37 Spironolactone is 
another androgen receptor blocker that also inhibits 5α-reductase. Although effective in 
decreasing sebum production and being used to treatment-resistant acne, it not officially 
been approved for acne treatment.37 Side effects include headache, abnormal menses, 
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fatigue, and the substantially dangerous risk of hyperkalemia. Furthermore, anti-androgen 
treatments should also only be utilized in women in order to avoid feminization in men.37 
The most potent agent that is widely used for acne treatment is isotretinoin, an 
oral retinoid colloquially known as Accutane. It is primarily reserved for severe 
nodulocystic acne, moderate-to-severe refractory cases, or acne that is prone to scarring. 
It is incredibly efficacious and targets all pathophysiologic acne factors by decreasing 
sebaceous sebum secretion by 90%, normalizing follicular keratinization, indirectly 
inhibiting P.acnes, and inducing an anti-inflammatory effect.37 When used for 
approximately 20 weeks, clinical cure of acne occurs in approximately 85% of cases; 
however, relapse rates are 21% with cessation of the medication.3 Although incredibly 
effective, isotretinoin has a significant list of significant side effects: cheilitis, dry skin, 
epistaxis, photosensitivity, secondary infections, hypertriglyceridemia, liver enzyme 
elevation, and potential musculoskeletal side effects. In addition, isotretinoin is a potent 
teratogen. Therefore, patients are required to initiate or continue strict adherence to 
contraceptive methods.3 Furthermore, isotretinoin also carries an increased risk of 
adverse psychiatric events—depression and suicidal ideation—in which treatment should 
be immediately terminated.40, 37  
Therefore, the treatment of acne consists of multiple modalities and numerous 
potential combinations that require tailoring to the individual at hand. However, 
Thiboutot et al released the Global Alliance Acne Treatment Algorithm created by the 
Global Alliance to Improve Outcomes in Acne Group in 2009 to help summarize 
treatment, which is demonstrated in Figure 1.41  
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Figure 1: Global Alliance Acne Treatment Algorithm. Information taken from 
Thiboutot et al.41 BPO, benzoyl peroxide. 
 There are many additional and alternative medications utilized for the treatment 
of acne; for example, randomized control trials have investigated a correlation between 
many compounds including aloe vera, tea tree oil, pyridoxine, fruit-derived acids, a 
Japanese herbal medicine known as kampo, and ayurvedic herbal treatments.3 However, 
although many of these investigations employ biologically plausible mechanisms, trials 
have proved inconclusive or presented poorly reported data. Therefore, no formal 
recommendations have been made regarding these alternative therapies.  
There has been evidence supporting the presence of modifiable risk factors 
associated with acne. Cigarette smoking has been well established to increased disease 
risk of acne, demonstrating a positive correlation between acne severity and the number 
of cigarettes smoked daily.18 Patient’s menstrual cycle, emotional stress, and 
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mechanically picking at acne lesions have also been stated to incite acne flares.3 
Environmentally, previously mentioned known comedogenic factors are also associated 
with an increase in disease prevalence. Additionally, although it has remained traditional 
opinion that acne improves seasonally with increased sun exposure, the evidence is 
primarily based upon a decrease in dermatological acne-based office visits. No scientific 
studies correlate this association of decreased acne prevalence with UV exposure and do 
not support this method as a treatment.18 However, various forms of light sources 
including photodynamic therapy, infrared lasers, and broad-spectrum light sources have 
been found to improve inflammatory acne in the short-term. These results were found to 
be most consistent for photodynamic therapy. However, the long-term treatment results 
are inconclusive; therefore, further research is required in this field. Interestingly, 
evidence implicating skin hygiene has also not been supported a direct correlation 
between acne severity.3 
 Furthermore, the correlation between diet and acne as both a risk factor and 
treatment method has been disputed throughout years of literature. Multiple aspects of 
diet have been researched including dairy products, carbohydrates, chocolate, fats, sugar, 
omega-3 fatty acids, antioxidants, zinc, vitamin A and iodine.11 The most compelling of 
these studies implicate the association between carbohydrate intake and dairy products 
with acne prevalence. Specifically of interest to this investigator is the relationship 
between non-fermented dairy intake, in the form of frequent milk consumption, and 
increasing risk of acne. Recently, further insight into the potential dermatoendocrinologic 
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mechanisms of acne production has suggested a more concrete explanation for the effect 
of these dietary influences.  
Current literature supports the role of both endogenous and exogenous, 
reproductive and non-reproductive, hormonal influence on acne – most likely in a 
synergistic fashion.6 Milk consist of over 60 molecules consisting of growth factors (IGF-
1 and IGF-2, of note), non-reproductive hormones, and steroidal or anabolic hormones.6 
The anabolic hormones of note contributing to dairy’s effect on acne are the classic 
acnegenic androgen, 5α-DHT (dihydrotestosterone), precursors – notably, 5α-
androstanedione and 5α-pregnanedione.11 DHT stimulates two of four acne pathogenesis 
paths: sebum production and pilosebaceous unit hyperkeritinization. Furthermore, the 
enzymes required for conversion to DHT are natively present within the pilosebaceous 
unit leading to swift production of DHT within the skin.6  
In addition to the exogenous increased accumulation of growth factors from dairy 
consumption, ingestion of dairy products causes diet-associated hyperinsulinemia. 
Hyperinsulinemia induces an endocrine response stimulating IGF-1 and suppressing IGF-
binding protein 3 (IGFBP-3.)10 IGF-1 powerfully stimulates lipogenesis, cellular 
proliferation, including keratinocytes and sebocytes, and increases androgen 
bioavailability.10 Furthermore, both insulin and IGF-1 amplify gonadal and adrenal 
androgen synthesis and decrease sex hormone-binding globulin (SHBG) synthesis, 
causing increased androgen bioavailability.10 It is these two mechanisms that are 
primarily attributed to dairy consumptions acnegenic nature. Additionally, while this 
hyperinsulinemic effect is also associated with carbohydrate consumption, milk has 
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between a three-to-six fold increased insulinotropic response than expected from the 
carbohydrate content, while cheese products did not. This suggests total milk 
consumption may have a more significant acnegenic effect compared to carbohydrate 
consumption.1 However, this topic continues to aggravate investigators due to dairy’s 
complexity, specifically milk’s; and the various effects of pasteurization, fermentation, 
and the effect of exogenous hormonal use of bovine somatotropin, bovine growth 
hormone, or Posilac on cows to stimulate milk volume production.6 
The further examination of this acnegenic dairy correlation may provide lend 
further support to the biochemical explanation. Additionally, it may determine an 
alternative, more natural way of combating acne that potentially treat this condition 
without exposing patients to harsh topical treatments or potential side effects 
medications. Also, if diet alteration could be used as a potential treatment it may decrease 
the utilization of antibiotics; therefore, decreasing the antibiotic resistance footprint in 
dermatology. Therefore, the association between dietary modification and acne 
prevalence is worth further investigation. 
 
Existing research 
Historically, the correlation between diet and acne has proved a highly controversial 
topic. Research debating this relationship has been in print throughout the entirety of the 
20th Century, with both public opinion and research results continuously oscillating to 
different ends of the spectrum. This alternating pattern allows the history of dietary 
influence on acne to be loosely classified into three phases: early beliefs, disassociation 
 22 
of the diet-acne correlation, and more current research.1 However, despite the plethora of 
research performed over the years, there is still no clear evidence available to guide 
current dermatological treatment recommendations.  
Multiple aspects of an individual’s diet have been examined within this research 
including carbohydrates, dairy, chocolate, fats, sugar, omega-3 fatty acids, antioxidants, 
zinc, vitamin A, and iodine, with the latter aspects surfacing more recently due to the 
growth of the research topic and further understanding of the disease. However, the most 
convincing evidence surfacing among the research supports the association between two 
of the former topics: carbohydrate and dairy intake. 
Beginning with the first phase of the history between diet and acne—early 
beliefs—the correlation between diet and acne was intact. Although primarily based on 
observation, speculation, and anecdotal evidence, the consistent belief among 
dermatologists from the late 1800s to early 1900s was that a link between diet and acne 
existed. Regardless of a lack of knowledge about the pathogenesis of acne at the time, 
dermatology texts commonly suggested dietary restriction as of certain foods, primarily 
chocolate and sweets.1  
Multiple studies in the early 1900s contributed to the belief of the correlation 
between diet and acne prevalence, the first appearing in 1921. Researchers concluded that 
chocolate increased sebum production leading to increased acne severity, following an 
observation that chocolate increased serum lipid concentrations.1 Research throughout the 
1930s to 1940s noted impaired glucose tolerance in patients with acne and a reduction of 
acne following a restricted carbohydrate diet in a cohort of patients. Therefore, 
 23 
dermatologists recommended limiting excessive carbohydrate intake, including chocolate 
and sugar, to reduce acne severity.1 In 1949, the first notable mention of a dietary 
correlation between dairy consumption was demonstrated in an observational study. A 
cohort of 1,925 patients was instructed to keep food diaries. Researchers found that 
frequent milk consumption was the most prevalent dietary factor associated with 
increased acne severity.7 Therefore, the recommendation of a reduced high-fat dairy diet 
was also implemented.1 Major dermatology textbooks throughout the 1940s and 1950s 
toted this association by discouraging consumption of chocolate, fats, sweets, and 
carbonated beverages for the treatment of acne.11 Therefore, throughout this time period, 
both research and expert opinion supported the relationship between diet and acne 
severity.  
The second historical phase, the disassociation between diet and acne, began in 
the 1960s as various researches continued to question the validity of previous studies. At 
this time investigators began to conduct interventional studies, unlike the primarily 
observational studies in the past.1 In 1961, Cornbleet and Gigli published a study that cast 
doubt on the association between carbohydrates and acne. They concluded that a limited 
carbohydrate diet did not improve acne severity and oral glucose tolerance tests were 
normal among patients with acne.42 In 1965, Grant and Anderson reported increased 
consumption of chocolate for one week, with otherwise normal dietary intake, had no 
effect on acne severity.1 Additionally, Bett et al in 1967 reported patients with acne 
versus controls had no difference in sugar consumption.1 These studies, although few in 
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number and heavily discredited and criticized by modern research standards, cohesively 
cast enough doubt to damage the previous correlation between diet and acne.  
A complete study overview of the notable literature starting from this time period 
in the 1960s to recent data is presented in Table 3. These scientific studies encompass the 
investigations leading to the disassociation, and then potential resuscitation between 
various aspects of diet and acne. As the primary interest of this author remains the 
relationship between dairy consumption and prevalence of acne, the specific studies 
discussed within the text will primarily focus on this aspect of the research and the most 
pivotal individual studies overall.  
Table 3. Studies Investigating the Correlation Between Diet and Acne from the 
1960s to Present. Information adapted from original text by Burris et al1 and Bowe et 
al11 
Reference Design Participants Intervention Results Limitations 
Cornbleet 
and Gigli42 
(1960) 
Non-
randomized 
clinical trial 
(1) 15 acne 
patients, age 
and sex 
matched 
controls 
(2) 52 acne 
participants 
(1) Oral 
glucose 
tolerance 
test 
(2) Sugar-
restricted 
diet 
(1) No 
association 
between 
glucose 
tolerance and 
acne 
(2) Sugar-
restricted diet 
has no effect 
on acne 
Small sample 
size, short 
duration, non-
randomized, 
no baseline 
diet analysis, 
quantitative 
analysis not 
presented 
Fulton et 
al43 (1969) 
Crossover, 
subject-
blinded, 
intervention 
30 
adolescents; 
35 young 
male 
prisoners 
with acne, 
no ages 
given 
Chocolate 
bar vs. 
control 
placebo bar 
No change in 
acne severity 
with 
consumption 
of either 
chocolate or 
placebo bar 
Small sample 
size, short 
duration, no 
baseline diet 
analysis, 
quantitative 
analysis not 
presented, 
grouping not 
age or sex 
matched, 
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treatment and 
placebo with 
similar sugar 
and fat 
content 
Anderson44 
(1971) 
Case series 27 
participants, 
unspecified 
age 
Chocolate, 
milk, peanut 
and cola 
consumption 
No increase in 
primary acne 
lesions 
Small sample 
size, non-
randomized, 
unblended, no 
baseline diet 
analysis, no 
statistical 
analysis, self-
reported data, 
no control 
group, age not 
reported 
Cordain et 
al17 (2002) 
Cross-
sectional 
1200 
Kitavan and 
115 Aché 
participants; 
age 15-25 
years 
Seven week 
skin 
investigation 
No acne 
observed in 
either 
population 
with non-
Western diet 
consumption 
Incapable of 
accounting for 
confounders: 
genetics, 
environmental 
factors 
Adebamowo 
et al5 (2005) 
Retrospective 
cohort 
47,355 
females, age 
25-42 years 
FFQ Acne was 
positively 
associated 
with total milk 
consumption, 
particularly 
skim milk 
Self-reported 
acne, 
retrospective 
data, recall 
bias, low 
clinical 
significance, 
no confounder 
adjustment 
Adebamowo 
et al45 
(2006) 
Prospective 
cohort 
6,094 
females, age 
9-15 years 
FFQ Acne was 
positively 
associated to 
milk intake, 
particularly 
skim milk 
Self-reported 
acne, low 
clinical 
relevance, 
failure to 
distinguish 
trend between 
whole or low-
fat milk 
Smith et al4 
(2007) 
Randomized 
controlled 
43 males 
with acne, 
Low GL 
diet or high 
Low GL diet 
patients had 
Analysis not 
controlled for 
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trial with 
blinded 
investigator 
age 15-25 
years 
GL control 
diet 
decreased total 
acne lesions, 
inflammatory 
lesions, BMI, 
and increased 
insulin 
sensitivity  
confounding 
factors: 
weight loss, 
fiver, fat, 
protein, or 
dairy intake; 
results not 
generalizable  
Smith et al46 
(2007) 
Randomized 
controlled 
trial with 
blinded 
investigator 
43 males 
with acne, 
age 15-25 
years 
Low GL 
diet or high 
GL control 
diet 
Adjusted for 
variance in 
baseline 
values, age, 
ethnicity. Low 
GL diet 
patients had 
less total acne 
lesions, 
inflammatory 
lesions, BMI, 
and androgen 
concentrations 
Analysis not 
controlled for 
confounding 
factors: 
weight loss, 
fiber, fat, 
protein, or 
dairy intake; 
results not 
generalizable  
Adebamowo 
et al47 
(2008) 
Prospective 
cohort 
4,273 males, 
age 9-15 
years 
FFQ Acne was 
positively 
associated 
with total milk 
intake, 
particularly 
skim milk 
Self-reported 
acne, low 
clinical 
relevance, 
unable to 
distinguish 
trend between 
low-fat milk 
and whole 
milk 
Smith et al48 
(2008) 
Non-
randomized 
clinical trial 
12 males 
with acne; 
age 15-20 
years 
Seven day 
feeding trial 
in research 
facility, low 
GL diet or 
high GL 
control 
Low GL diet 
cohort had 
increased 
insulin 
sensitivity and 
IGFBP-3, and 
decreased 
SHBG. 
Non-
randomized, 
self-reported 
acne, acne 
severity 
changes not 
reported, short 
duration, 
results not 
generalizable 
Smith et al49 
(2008) 
Randomized 
controlled 
trial with 
31 males 
with acne; 
age 15-25 
Low GL 
diet vs. high 
GL control 
Low GL diet 
cohort had 
increased 
Analysis did 
not control for 
fiber, fat, 
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blinded 
investigator 
diet saturated to 
monosaturated 
fatty acid ratio 
of skin surface 
triglycerides 
and decreased 
total lesions 
and BMI 
protein, or 
weight loss; 
results not 
generalizable  
Reynolds et 
al (2010) 
Randomized 
controlled 
trial 
58 males 
with acne; 
mean age of 
16.5 ± 1.0 
Low GL 
diet vs. high 
GL control 
No significant 
differences 
acne severity, 
insulin 
sensitivity, 
androgens, 
SHBG, IGF-1, 
or IGFBP-3 
Short 
duration, high 
drop out rate, 
non-validated 
acne grading 
methods, 
baseline diets 
not assessed, 
food diaries 
completed 
only on 
weekends, 
non-
generalizable  
Wei et al 
(2010) 
Cross-
sectional 
5,696 
participants, 
2,920 with 
acne; ages 
17-25 years 
Questionnaire 
on dietary 
habits 
Acne was 
positively 
associated 
with high-fat 
diet, fried 
food, and 
spicy food 
P value not 
provided for 
dietary 
analysis, non-
validated 
questionnaire, 
results not 
generalizable  
Di Landro et 
al50 (2012) 
Case-control 205 
participants 
with acne, 
358 controls 
without or 
mild acne; 
age 10-24 
years 
FFQ Acne was 
positively 
associated 
with total milk 
consumption 
and skim milk 
Mild acne in 
control group, 
retrospective 
data, recall 
bias, limited 
ability to 
generalize, 
non-validated 
FFQ 
Kwon et al 
(2012) 
Randomized 
controlled 
trial with 
blinded 
investigator 
32 
participants 
with mild to 
moderate 
acne;  
Low GL 
diet vs. 
control diet 
Low GL diet 
cohort had 
decreased 
non-
inflammatory 
Self-reported 
diet intake, no 
measurement 
of hormonal 
factors, no 
 28 
ages 20-27 
years 
acne lesions 
and 
inflammatory 
acne lesions 
accounting for 
possible 
confounding 
factors: dairy 
consumption, 
saturated/trans 
fat or fiber 
 
 In 1969, Fulton et al43 reported results from a single-blinded crossover study that 
functioned as a pivotal point in the literature. In fact, it is the most regularly referenced 
study “dispelling” the correlation linking diet and acne.1 They investigated the effect of 
chocolate on acne vulgaris. Sixty-five subjects with a range of mild to moderate acne 
were assigned to consume a chocolate bar or a placebo control bar daily for four weeks. 
Following a three-week washout period, they then ingested the opposite treatment bar for 
another four weeks. Improvement or worsened acne was considered a delta of 30% 
decreased or increased acne lesions, respectively. Utilizing this criterion, the authors 
determined that chocolate had no effect on acne severity.43 However, despite the wide 
reach of this article, there were multiple unsound aspects of this study. Firstly, the trial 
duration was too short, considering most acne clinical trials persist for a duration of 12 
weeks in order to allow for full comedone formation and evolution.11 Also, the study 
placebo bar was an inadequate control due to similarities in fat content, sugar content, 
and calorie intake. The placebo bar, unlike the control, contained a large amount of 
partially hydrogenated vegetable oil that could amplify inflammation as a result of high 
quantities of trans-fatty acids.11 Furthermore, changes in acne severity were only 
considered significant if the total lesion count increased or decreased by 30%; therefore, 
 29 
if acne changed in severity, lesions shifted from inflammatory to non-inflammatory, or 
lesion count decreased anywhere up to 29% it be disregarded as unaffected by food.1  
 The second major blow to the diet and acne hypothesis came in a 1971 study by 
Anderson et al.44 Investigators assigned 27 students with self-reported acne and dietary 
acne flares into small, subdivided clusters of unspecified size with directions to ingest 
large portions of chocolate, milk, peanuts, or carbonated beverages daily for one week. 
By measuring acne lesion using a mapping technique, marking lesions on a sheet of paper 
held over the subject’s face, he concluded the participants had no increase in acne lesions. 
Therefore, the study concluded there was no correlation between diet and acne.44 
Although this study was very impactful, it also contains very drastic methodological 
errors. For example, there was no control group, blinding, or randomization; lesion 
counts methods or data were not provided; quantitative statistical analysis or baseline 
dietary analysis was not performed; and subjects (n=27) were partitioned into small 
groups of an unidentified size, making it improbable the study had proper power.11 
 These two studies, although heavily flawed and primarily investigating the 
correlation between chocolate consumption and acne, erroneously bleed over into the 
general agreement that diet was not correlated with acne vulgaris.1 The belief of this 
dissociation remained the consensus for approximately the next few decades. However, 
beginning in the early 2000s, after major advancements in the pathogenesis of acne and 
the endocrine mechanisms behind the disease, the research community began to 
reevaluate this relationship. Furthermore, newly uncovered epidemiologic evidence 
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supporting the role of diet in acne and more critical analysis of previous studies 
surfaced.1 Thus, the third phase of the historical overview began—recent research. 
 Epidemiologically, it has been noted that non-Westernized populations have a 
very low acne prevalence. For example, Canadian Inuits, pre-World War II Okinawans, 
and Zulu populations have incredibly minute reports of acne; however, the incidence in 
all three populations increased following acculturation and increased consumption of 
processed foods, animal products, and dairy.1 In 2002, Cordain et al17 decided to 
investigate the association of carbohydrate intake and acne by integrating this 
epidemiologic data into a cross-sectional study of two non-Westernized societies. Over a 
seven-week period, one of the investigators performed general health examinations on 
1,200 Kitavan Islanders of Papua New Guinea and 115 Aché hunter-gatherers of 
Paraguay.17 The study reported “not a single papule, pustule, or open comedone was 
observed in the entire population examined.”17 Investigators attributed this lack of acne 
vulgaris directly to their non-Westernized diet: a low glycemic index diet consisting 
primarily of tubers, fruit, fish, foraged and locally cultivated foods.17 This study was also 
not without it’s limitations. These cultures are isolated and consist of not only similar 
diets, but also similar genetics and environmental factors. Therefore, because no control 
group was utilized it is difficult to attribute their decreased acne prevalence solely to 
dietary factors.11 However, this study ignited a new drive to explore the relationship how 
a high glycemic index (GI) and/or glycemic load (GL) may contribute to acne 
pathogenesis. 
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 To date, the correlation between dairy and acne was primarily revisited in the 
mid-2000s by Abedamowo and colleagues, who performed three large studies. The first 
study was a retrospective cohort study in 2005, examining how an association between 
diary intake during high school was associated with severe teenage acne.5 Researchers 
examined data from the Nurses Health Study II that polled 47,355 adult female nurses 
with a validated food frequency questionnaire (FFQ) regarding their high school diet. 
They also inquired about the presence of physician-diagnosed severe acne. After 
adjusting for confounders (age, age at menarche, BMI, and caloric intake) acne 
prevalence was found to be positively associated with total milk consumption (prevalence 
ratio [PR] 1.22; P for trend = 0.002). Interestingly, skim milk (PR 1.44; P for trend = 
0.03) had a stronger association than either low-fat milk (PR 1.16; P for trend = 0.25) or 
whole milk (PR 1.12; P for trend = 0.56). They also reported a positive association with 
instant breakfast drinks, sherbet, cottage cheese, and cream cheese.5 Authors 
hypothesized this effect occurs through increasing plasma IGF-1 levels and hormonal 
mediators, such testosterone and 5α-reduced steroids that function as DHT precursors.11 
However, this study was subject to limitations, specifically recall bias as subjects were 
asked to recall high school eating habits >10 years prior to the study. Furthermore, 
important confounders were not adjusted for including heredity and socioeconomic 
status.1 
 In 2006, Adedamowo et al45 performed their second study to reexamine the 
association between milk consumption and teenage acne. They developed a prospective 
cohort study of 6,094 girls between the ages of nine to fifteen. Participants were followed 
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up for up to three years with a validated food frequency questionnaire and self-reported 
acne prevalence and severity. After adjusting for confounding variables (age, height, 
caloric intake), analysis revealed a positive association with acne and dairy consumption. 
Specifically, an association was determined between total milk consumption (PR 1.2; P 
for trend <0.001), skim milk (PR 1.08; P for trend <0.001), low-fat milk (PR 1.17; P for 
trend = 0.002), and whole milk (PR 1.19; P for trend <0.001).45 While the prospective 
design of the study was advantageous, the critical limitation of the study was the self-
reported nature of acne; therefore, the prevalence and severity were unable to be 
validated.11 
 Abedamowo and colleagues47 third study, published in 2008, was a second 
prospective study evaluating the relationship of dairy and acne in 4,237 young adolescent 
boys aged nine to fifteen. This study was conducted in a similar manner; with three year 
follow up using a validated food frequency questionnaire and self-reported acne data. 
After adjusting for age, height, and energy intake, a positive association was found only 
between intake of skim milk and acne (PR 1.19; P value <0.02).47 Again, the prospective 
study design was an advantage; however, this study also had similar drawbacks including 
the self-reported acne data. Additionally, all three studies were performed by the same 
group of investigators and the prevalence ratios demonstrate the dairy acne associations 
were close to one. Thus, the clinical relevance of these studies as a whole is difficult to 
determine.1 
 In 2012, a separate research group, Di Landro et al50 performed a case-control 
study to continue the examination into the role between milk ingestion and acne. 
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Research was conducted with adolescents to early adults, ages 10 to 24 years, where 205 
subjects with newly-diagnosed moderate to severe acne were case-matched to 358 
subjects without or mild acne.50 Subjects’ diets were evaluated using a non-validated 
food frequency questionnaire. Following adjustment for confounding variables, a positive 
association was determined between frequent total consumption of milk (odds ratio [OR] 
1.78) and skim milk (OR 2.2). This included subjects who consumed greater than three 
portions of milk per week. No association was determined for whole milk or cheese.50 
This study correlated the association found in previous studies; however, it also contained 
several concerning limitations: dietary acne was self-reported with a non-validated food 
frequency questionnaire, mild cases of acne were included within the control group, and 
it was a retrospective study design.1  
 Although these more recently conducted studies have their limitations, interesting 
data has surmounted from these investigations, including the varying strengths of the 
correlations between numerous dairy products. Evidence from Adebamowo et al45,47,5 and 
Di Landro et al50 indicate skim milk as the most highly correlated dietary dairy 
intervention. Whereas other dairy products including low fat milk, whole fat milk, 
cheese, ice cream, etc. have less of an effect.13 Therefore, these correlations may be 
worthwhile exploring in the future. Additionally, while it may be concluded the 
association between dairy and acne may prove fruitful, a more concrete study design, 
particularly employing a randomized controlled trial, and proper data analysis will be 
required. 
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METHODS 
Study design 
The investigator will design a randomized controlled trial comprised of two arms: an 
experimental low dairy consumption arm and a control arm. The control arm will have no 
intervention, allowing the participants to continue with their regular diet and milk 
consumption. The experimental branch will employ an intervention ceasing milk intake 
entirely and limiting alternate non-fermented dairy intake including yogurt, ice cream, 
and cream to ≤1 FDA serving daily.  
 
Study population and sampling 
The study population will consist of a screened cohort of approximately 60 adolescents 
between the ages of 13-18 with varying severities of acne that consume ≥ 2 glasses of 
milk daily prior to study initiation. Subjects must have a previous dermatologic diagnosis 
of moderate to very severe acne vulgaris. This cohort allow approximately 30 adolescents 
in each study arm to provide a power of 80 percent with an alpha level of 0.05, according 
to calculations outlined in Chow et al.51 A delta level of 12.5%, or approximately 5 points 
on the Global Acne Grading Scale, will be determined. The potential subjects will be pre-
screened prior to recruitment by a validated food frequency questionnaire (Appendix I), 
developed by the Harvard T.H. Chan School of Public Health Nutrition Department, to 
ensure a study population with proper dairy consumption prior to study initiation. The 
food frequency questionnaire (FFQ) —which assesses age, dairy consumption and 
frequency—will be supplemented with gender, height, weight, and questions to assess for 
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inclusion and exclusion criteria (Table 4) and potential confounding variables (familial 
acne, skin color, other dietary influences, etc.)  
Table 4. Inclusion and Exclusion Criteria. Supplemented to FFQ. 
Inclusion Exclusion 
Age 13-18 Consume < 2 glasses milk daily 
Medical diagnosis of acne vulgaris Dairy/lactose allergies 
Consume ≥ 2 glasses milk Polycystic Ovarian Syndrome Diagnosis 
Minimum moderate GAGS score (>18) On birth control pills/spironolactone 
 Current topical or isotretinoin use 
 
The individuals who meet our inclusion criteria without meeting our exclusion criteria 
will be offered to participate in the study. Consent will then be obtained from 
participants’ legal guardians. From these subjects attaining parental consent, 60 patients 
will be randomly selected to be the final cohort.  
 
Intervention 
A stratified randomization scheme for age and gender will be employed to allocate 
subjects into two groups—an experimental and control—of approximately 30 subjects of 
similar age and gender. 
The study will run for a 12-week period. The experimental low dairy consumption 
arm will be designed to limit dairy intake, specifically ceasing consumption of all milk 
(including flavored milks) and limiting non-fermented dairy (yogurt, ice cream, cream, 
etc.) to ≤ 1 FDA serving size per day. The control arm would implicate no changes to the 
subjects current diet or dairy intake, considering participants should already be 
consuming approximately ≥ 2 glasses of milk daily. Therefore, the control group will be 
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instructed to consider their current diet without any drastic changes throughout the 
duration of the study. Both groups will be assessed on their self-perception of acne 
severity pre-and-post treatment intervention. 
Prior to study initiation participants will undergo a two-week or one-month “wash 
out” period from all current topical or systemic acne treatments, respectively. At this time 
and throughout the study duration, subjects will be provided and utilize a standardized, 
non-comedogenic, mild facial wash.  
 
Study variables and measures 
At study initiation, subjects will be evaluated by a study-blinded dermatologist for 
evaluation of current acne utilizing the Global Acne Grading System (GAGS).33 At the 
study’s conclusion a repeat, study-blinded dermatologic evaluation, utilizing the same 
trained dermatologists as the initial evaluation and the GAGS method, will be performed 
to determine acne severity. The GAGS numerical data between the initial evaluation and 
the end of the trial will be used for analysis. 
 At the initial and final dermatologic evaluation, participants will also be evaluated 
on their self-perception of acne severity. Each subject will be asked to rate their acne 
severity on a scale of one through four as exemplified in Lee et al35, with one being the 
most dissatisfied.  
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Table 5. Study Variables. 
Primary Variables Confounding Variables 
Global Acne Grading System score Familial acne inheritance 
Age Alternate dairy intake 
Gender Alternate dietary influences (carbohydrates, 
fat, fiber, etc.) 
Acne Severity Self Rating (1-4) BMI 
 Skin color 
 
Therefore, the study’s primary endpoint is alteration in the GAGS score, reflecting acne 
lesion counts of both inflammatory and non-inflammatory lesions after twelve weeks and 
self-perception of acne severity. Secondary endpoints consist of changes in 
anthropometric measure, reflected in BMI. 
 
Recruitment 
Adolescents, ages 13-18, with facial acne will be recruited through fliers placed in 
dermatologist offices. Additionally, the investigators will host a meeting for local 
dermatologists to raise awareness and request practitioners suggest participation to a 
qualified study candidate during future appointments. After obtaining parental consent, 
interested participants will be provided the supplemented, validated food frequency 
questionnaire (FFQ). If the applicant meets the inclusion criteria following submission of 
the FFQ, they will be enrolled into the study. If necessary, a rolling recruitment over a 
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one-and-a-half-year period will be implemented in order to achieve the desired amount of 
study participants.  
 
Data collection 
Prior to study initiation, participants will undergo a dermatologic evaluation by a study-
blinded dermatologist, each of whom will have been required to complete a standardized 
training of the GAGS scoring criteria. Each participant will receive an initial GAGS acne 
rating score between 1 to >39, determined from the study-blinded dermatologist’s 
evaluation. The value will be recorded on paper or electronic medical record chart, and 
then transferred to a computer spreadsheet. Additionally, the practitioner will inquire 
about the subject’s self-perception of acne severity on a 1-4 scale. The number stated by 
the subject will also be recorded in the paper/electronic medical record and then 
transferred to the spreadsheet. Therefore, each subject will receive two scores: a GAGS 
value (1- >39), and a self-perception value (1-4). Following trial initiation, there will be a 
weekly phone call for each of the twelve weeks, with each subject, to monitor dietary 
compliance.  
Immediately following the conclusion of the twelve-week trial, a repeat 
dermatologic evaluation will be performed utilizing the same trained, study-blinded 
dermatologists as the initial evaluation. Each participant will then receive a post-trial 
GAGS score. Additionally, each participant will be re-questioned about his or her self-
perception of acne severity on a 1-4 scale. These values will be then recorded and placed 
on the initial spreadsheet to form a final spread with cumulative data.  
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Data analysis 
Analysis will consist of continuous and dichotomous variables. Age and gender will be 
approximately equal between groups based on the aforementioned stratified 
randomization allocation criteria. Baseline characteristics will be analyzed for between-
group differences between the low-milk intake experimental group and the control group. 
The between-group significance will be analyzed with a Mann-Whitney U test or a 
paired-T test, depending on the presence of a normal distribution.4  
Pre-and post GAGS scores will be evaluated within groups and between groups 
while accounting for potential confounding variables from information provided in the 
initial FFQ such as BMI; familial acne association; skin color, dietary intake of fat, fiber, 
or protein; etc. with Analysis of Covariance (ANCOVA). If our hypothesis is correct, the 
experimental low-milk intervention will lower GAGS scores by at least 5 points with a P 
value of <0.05 to be considered significant. A Pierson correlation will be employed to 
examine the association between the GAGS score reduction and subjects self-perception 
of their acne severity. 
  
Timeline and resources 
The projected timeline of the study consists of approximately 1.5 years from initial 
recruitment of the study until completion of the experimental portion and data analysis. 
This includes the initial recruitment in dermatologists’ offices, a two-week “wash out” 
period, initial dermatological evaluation, twelve-week study, and final dermatological 
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evaluation. If investigators enroll approximately 1 subject weekly, we will reach out 
projected goal of 60 subjects in just over 1 year, which allows approximately 6 months 
for any additional subject enrollment, 3 months for study completion and 1 month for 
statistical analysis.  
 Project organization and oversight will be performed by an investigative team 
consisting of a PI, and post doctorate fellow, graduate student or research technicians 
with specific numbers as the PI sees fit. At minimum, one dermatologist will be 
necessary, with proper GAGS training, to provide initial and final examinations. A study 
coordinator will be employed to organize the information collected from dermatologist 
offices, enroll participants, collect consent forms, collect FFQs from participants, etc. A 
coding specialist will be necessary to analyze the Food Frequency Questionnaire, and 
determine other dietary associations included within the survey to allow proper 
adjustment for confounders. Additionally, a statistician will be required to perform proper 
statistical analysis of GAGS score data to minimize confounding influences.  
 
Institutional Review Board 
The study protocol will be submitted for to the IRB for an expedited review for a clinical 
trial to the Boston University Medical Campus IRB. This trial consists of a special 
population, adolescents under the age of eighteen. However, of the four categories for 
research including children, this study is a Category I—defined as research involving no 
greater than minimal risk.52 Therefore, the study qualifies for an expedited review. The 
average turnaround times from submission to final decision are published on a monthly 
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basis on the Boston University Medical Campus IRB website 
[http://www.bumc.bu.edu/irb/bumcirb/irb-review-time/]. At the time of this proposal they 
are listed as 9 days for an expedited review.   
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CONCLUSION 
Discussion 
This study suggests that limiting dairy intake, primarily in the form of non-fermented 
dairy consumption, will have a positive correlation in reducing inflammatory and non-
inflammatory lesions of acne vulgaris. This study is the first and only randomized 
controlled trial within current literature discussing the correlation between dairy 
consumption and acne prevalence. Therefore, it will provide a new lens of analysis and 
credibility to the association. Additionally, the study was designed to have proper power 
to minimize false positive and negative errors and utilizes a stratified randomization 
scheme to account for age and gender. A further strength of this study is the consideration 
of confounding variables into the statistical analysis including BMI, familial acne 
association, skin color, and dietary intake of fat, fiber, or protein. 
However, this study is also not without its limitations. Due to the recruited subject 
pool, this study will only be applicable to adolescents between the ages of 13-18 with a 
high dairy intake of ≥ 2 glasses of milk daily. While it remains close to impossible to 
standardize 60 adolescents with identical diets and portions, it would be even more 
impossible to standardize the biological effects of dietary influences between individuals. 
Therefore, there will still be degree of variability in subjects’ diets. For example, both 
carbohydrates and dairy incite a hyperinsulinemic response; therefore, it is possible by 
eliminating diary consumption drastically in one cohort may also effect the GI of the 
individuals diet. However, skim milk is rated to have a very low glycemic index; 
therefore, the dairy restriction should not greatly affect the glycemic-index or glycemic 
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load of either diet.11 In our study, this dietary variability will attempt to be mitigated by 
the FFQ, which provides data for sub-analysis of other dietary factors consumed by 
subjects. 
There are also a number of anticipated obstacles throughout the study; primarily, 
the strict dietary compliance of the subjects will greatly affect the study outcomes. This 
obstacle will be addressed by weekly phone calls with a parental guardian assessing 
compliance. Additionally, the varying degrees of physical activity, skin hygiene, and 
environment of various adolescents provides an obstacle to standardization. However, by 
choosing a relatively small age range – engaged in similar academic and post-school 
activities—and standardizing a skin care regimen, differences will be relatively mitigated.  
 
Summary 
Acne vulgaris is a common pathologic condition of the pilosebaceous gland affecting 
approximately 80% of the population. The four main factors contributing to it’s 
pathogenesis are sebaceous gland hyperplasia, altered epithelial differentiation, P. acnes 
bacteria, and inflammation.19 Acne primarily occurs during endogenous hormonal 
stimulation, resulting in bacterial overgrowth and inflammation.18 The correlation 
between dairy and acne has been debated over almost a century of research literature; 
which may partitioned into three stages.1  
The first stage, early beliefs supported diet’s affect on acne severity, particularly 
chocolate and sugar. They credited this association to increased serum lipid 
concentrations and an impaired glucose tolerance. Therefore, dermatologists 
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recommended limiting excessive carbohydrate intake, including chocolate and sugar, to 
reduce acne severity.1 The second stage of literature consisted of a few, but far-reaching, 
studies causing the disassociation of the diet-acne correlation. Most famously, Fulton et 
al43 in 1969. Despite the fact the majority of these studies were heavily criticized, they 
caused a profound effect leading to the overall agreement that dietary intake was not 
correlated with acne vulgaris, which remained for multiple decades.1  
However, in the early 2000s, research advancements in the pathogenesis of acne 
and the endocrine mechanisms behind it caused the research community began to 
reevaluate this relationship. Recent research into the dairy-acne relationship, primarily 
conducted by Adebamowo et al al5,45,47 has lent recent support; however, is also without 
its own flaws. Despite the plethora of past research, no formal recommendation has been 
stated for the use of dietary modification for the treatment of acne vulgaris. However, due 
to a recent a shift in the outlook regarding how food affects our health, this association is 
receiving increased attention as a potential treatment for acne.  
Recent research has also increased insight into potential dermatoendocrinologic 
mechanisms of acne, supplying biochemical pathways that explain the effect of dietary 
influences. In the case of dairy, particularly milk consumption, literature supports the role 
of a synergistic endogenous and exogenous hormonal influence on acne.6 Of particular 
importance, milk’s exogenous growth factors, IGF-1 and IGF-2, and anabolic hormones, 
5α-DHT precursors, are considered prolifically acnegenic. This is due IGF-1’s powerful 
stimulation of lipogenesis, adrenal androgen synthesis, and cellular proliferation and, 
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DHT’s stimulation of sebum production and hyperkeritinization—all of which is 
amplified by the body’s hyperinsulinemic response.  
The understanding of this biochemical pathway to acne pathogenesis has greatly 
enhanced the ability to understand the present suspected correlation between acne and 
dietary factors, and how the suggestion of dietary interventions offers a potential, more 
homeopathic and less invasive treatment method. Additionally, examining the numerous 
previous literature studies and examining their strengths and weaknesses have proved 
very illuminating to the difficulties of designing of properly controlled dietary 
intervention study, particularly with a randomized controlled trial design.  
The results of this proposed study will aim to provide the vast literature 
discussing diet and acne with a properly designed and analyzed randomized controlled 
trial that eliminates as many previous study flaws or limitations including: self-reported 
acne data, inadequate sample size, non-randomized, non-validated FFQ, recall bias, short 
duration, or lack of statistical adjustment for confounding variables within the analysis.1 
Therefore, this study will provide a clearer, less convoluted outlook on the complex 
relationship between dairy ingestion and acne prevalence, in hopes of potentially 
initiating a low-dairy intake diet for the treatment of acne vulgaris in the future.   
 
Clinical and public health significance 
The positive correlation between dairy consumption and acne prevalence hypothesized in 
this study will provide a sound research study to almost a century-worth of conflicting 
evidence; therefore, pioneering the dermatological field towards a more finite answer to 
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this prolonged question. Additionally, being the first randomized controlled trial of 
investigating this correlation it would provide a template for current and future 
investigators looking to build upon this topic. By providing sound data and the means to 
continue further reliable research, this study may pave the way to a more homeopathic 
and safer treatment option—in the form to dairy restriction—to treat acne vulgaris.  
 Furthermore, the dietary dairy-acne association is just one example of the 
constantly escalating emphasis on the relationship between diet and health. Current 
research continually expresses and stresses the importance of dietary choices in order to 
prevent of aid the treatment of multiple pathologic conditions including heart disease, 
liver disease, oncologic conditions, etc. As this research continues to expand, this study 
may provide key insight towards a dietary relationship towards other pathologic diseases. 
For example, if dairy consumption induces a biochemical pathway causing 
inflammation—a known pathogenic factor of acne—then it’s inflammatory properties 
may be a potential risk factor for other inflammatory disease processes such as Crohn’s 
disease, rheumatologic or oncologic conditions. Therefore, this study may be a giant step 
towards the discovery of a dietary correlation and potential biochemical pathway 
allowing the treatment of not only acne vulgaris but also multiple systemic diseases – an 
important and iconic advancement towards dietary health.  
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APPENDIX 
Validated Food Frequency Questionnaire53  
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